The aquation reaction is known to proceed by both acid-dependent and acid-independent paths. When H X is a strong acid (X-= KO3-, C1-, Br-, I-, NCS-) the rate expression is
with the two specific rate constants corresponding to the reactants Cr(H2O)sXzf and Cr(H20)4(0H)X+ respectively.1-4 I n this paper we consider the "transition enthalpies" for the acid-independent aquation reaction and discuss the nature of the transition state species.
For reaction (1) the transition enthalpy AHT is defined as A H~-A H R where AHa is the activation enthalpy and AHE is the enthalpy change for the reaction.526 AHT measures the heat content of the transition state species relative to the enthalpy of formation of the reaction products. For an associative mechanism AHT will vary with the leaving group X whereas for a dissociative mechanism? AHT u7ill be independent of X.6 For the base hydrolysis6 and the aquation7 reaction of complexes C O ( N H~)~X~+ an observed constant value of AHT suggests a dissociative mechanism with the leaving group substantially dissociated and solvated in the transition state. Table 1 presents values of AH,, AHE, and AHT for reaction (1). The observed spread of values for AHT (6.4*1 a 3 kcal mol-1) is larger than for the base hydrolysis6 (2.0 kcal mol-1, six compounds) or the aquation7 ( 2 . 9 j l . 3 kcal mol-l, four compounds) of C O ( N H~)~X~+ .
The enthalpy of hydration of the leaving group X is increasingly exothermic in the sequence H20, KO3-, Br-, C1-8>9 and the data in Table 1 show that the instability of the transition state species relative to the reaction products (i.e. AHT) increases in this order. These results suggest6 that in the transition state the leaving group X is less strongly dissociated and solvated in the reaction of the chromium compounds than in the reaction of the analogous cobalt compounds.
